Concentrations of zinc, copper, lead, and cadmium were determined in 20 samples of food collected over a period of 20 days, 221 samples of feces collected over a period of 5 days from 19 males, 17 females, and 11 children and 85 samples each of renal cortex and liver from autopsied human cadavers in order to investigate the relationships among the four metals and among the various matrices. In food the highest correlation was observed between copper and zinc (0.34). In feces the highest correlation was also between copper and zinc (0.45). In the liver the highest correlation was between cadmium and zinc (0.33), but that in the renal cortex was between copper and cadmium (0.52). These rmdings suggest that the relationships among the concentrations of the four metals in food and feces are almost equal to each other, but differ greatly from the concentrations in human organs due to the differing metabolic actions of the metals once they are absorbed into the body. In addition, it was observed that zinc and cadmium concentrations in the renal cortex increase with age, but copper and lead concentrations do not show much variation with age.
Introduction
Concentrations of heavy metals such as zinc, copper, lead, and cadmium in human tissues and organs as well as in foods have been studied by many authors (1) (2) (3) (4) . Interactions between two metals in animal experiments, e.g., cadmium and zinc or methylmercury and selenium, have also been well documented (5, 6) . The findings from these studies are very important for a better understanding of the toxicokinetics of metals. However, these animal studies used unusually high doses of metals, much higher than any exposure (including occupational exposure) to which humans would be subjected. In addition, rather few studies have been carried out on the concentrations of zinc, copper, lead, and cadmium in human feces. The present study is designed to determine and evaluate the dynamics of these four trace elements, two of which are essential and two nonessential, in the organs, food, and feces of humans who have not been subjected to unusually high exposures of these metals. The working hypotheses were (1) whether accumulation and magnification in a particular organ or tis-sue occurred because of the different metabolism of each metal or possible interactions between metals, and (2) whether the ratios of these four metals in food changed during ingestion, resulting in different compositions in feces. The study aims to provide some background information on the ratios of the four metals in these media even though the samples of food, feces, and organs were not collected from the same individuals. There is no doubt that much work needs to be done on these hypotheses in the future.
Materials and Methods

Organ Study
The concentrations of the four metals in the renal cortex and liver were determined in a total of 85 cases (male and female) autopsied by coroners of the Keio University Department of Legal Medicine. These cases were sudden death victims without chronic diseases or chemical poisoning. The organ samples were digested by wet ashing and the concentrations of the four metals were determined by atomic absorption spectrophotometry after DDTC-MIBK extraction. Since the methods of pretreatment for feces and organs were different, ten samples each of feces and organs were measured using each pretreatment method in order to cross-check the methods. No differences were found.
Food Study
For the food study, samples were provided by the administrative office of Keio University Hospital. The foods submitted for testing were from a regular hospital diet, and included beverages such as tea and milk. The three meals from each day were mixed and freeze dried, and then stored in plastic containers. The samples were collected for 20 days (20 samples, 60 meals). Ten grams dry weight were used for analysis and the analytical methods were the same as those used for feces described below. The weight of the food items for each day, total daily calories, proteins, fat, and carbohydrates were recorded.
Feces Study
The feces study was carried out on 19 male medical students at the Keio University School of Medicine (21-24 years old), 17 female nursing students at the same school (20-22 years old), and Results Figure 1 shows the concentrations of zinc, copper, lead, and cadmium in the renal cortex according to age for both sexes. Cadmium increases sharply from 0 to 19 years of age, continuing with a gradual increase up to about 50 years of age, and leveling off thereafter. The zinc concentrations for the 0-9 year age group are rather high, whereas the cadmium concentrations for this same age group are Environmental Health Perspectives Figure 2 shows approximately the same pattern of metal concentration levels in the liver as was found in the renal cortex, with the exception of copper. Copper shows the highest concentration in the liver in the 0-9-year age group, after which there is a slight decrease. The concentrations of copper in the liver are several times higher than in the renal cortex. There is not much difference in the zinc concentrations in the liver and renal cortex, but the cadmium concentrations in the renal cortex are al- Table 1 .
The Cd/Zn ratio in the renal cortex and the liver by sex and age is shown in Figure 3 . The ratio in the renal cortex increases according to age up to the 40-49-year age group, after which it decreases. This pattern is very similar to the cadmium concentrations in the renal cortex by age group. The Cd/Zn ratio in the liver, on the other hand, seems to show no leveling off, but rather a sharp increase from the 0-9-year age group to the 10-19-year age group, with a very gradual increase thereafter according to age. The Cd/Cu ratio in two organs showed very similar patterns to the Cd/Zn ratio. However, the Cd/Cu ratio is ten times higher than the Cd/Zn ratio.
The Cd/Cu ratio in food, feces, and organs according to sex is shown in Figure 4 . When this figure and Figure 5 are studied, it must be remembered that the food, feces, and organ samples were taken from different individuals. It is very interesting to note that the Cd/Cu ratio in food is almost equal to that in feces. However, the ratio in the organs is much higher than that in food or feces, being ten times higher in the liver and almost 100 times higher in the renal cortex. Figure 5 shows the Cd/Zn ratio in food, feces, and organs. Again, the ratio in food and feces is the same, with a much higher ratio in the renal cortex and liver: almost 100 times higher in the kidney and 10 times higher in the liver. But the Cd/Zn ratio in food, feces, and organs is about 10 times lower than the Cd/Cu ratio in these three media. Tables 2 through 5 show the correlations of concentrations of these four metals in food, feces, liver, and renal cortex respectively. As shown in Table 2 , no significant correlation is observed between any two metals in food, most probably because of the small number of samples examined, although a rather high correlation is observed between copper and zinc, copper and cadmium, as well as copper and lead. four metals in feces, indicating significant correlations for all paired combinations of the metals. The highest correlation (r = 0.45) was seen between copper and zinc, as is observed in food. It should be remembered that the correlation between cadmium and zinc is very low in both food and feces. It is not surprising that correlations are seen among these metals in food and feces, because these are expressed by concentrations. But the purpose of this study was to discover which metals show the highest and lowest concentrations in food and feces and to study the relationships of these correlations in food and feces with those in the organs. When Tables 4 and 5 showing the correlations of these metals in the two organs are studied, a significantly high correlation between zinc and cadmium in the liver is seen but a reverse correlation appears between copper and cadmium, as well as a significant correlation between zinc and lead in the liver. There is also a significant correlation (r = 0.37) between cadmium and zinc in the renal cortex, as shown in Table 5 . In addition, there are signifi- cant correlations between copper and cadmium as well as copper and zinc in the renal cortex. However, no correlation is seen between lead and other metals in the renal cortex.
It was discovered from analyses of the data in these four tables that although correlations in food and feces were seen in almost all pairs of any two metals as expected, the correlations in the liver and renal cortex were quite different from those in food and feces. In particular, the correlation between zinc and cadmium in food and feces is quite low, whereas it was significantly high in the liver and renal cortex. Table 6 shows the daily excretion in feces of the four metals in inhabitants of an area designated by the Japanese Ministry of Health and Welfare as requiring observation because of environmental pollution by cadmium, as well as in-inhabitants of a control area and Tokyo. The daily excretion of cadmium in the polluted area is about 200 ,ug/day, even though the persons concerned were no longer consuming rice contaminated by cadmium. The cadmium excretion in the control area is 50 ,ug/day and in Tokyo is 40 ,ug/day. The daily excretion of lead is also very high in the polluted area, almost 230 ,ug, but in both the control area and in Tokyo, the daily excretion of lead is much lower than expected. It should also be noted that copper and zinc excretions are much higher in the polluted area than in the control area or in Tokyo.
Discussion and Conclusions
With regard to the concentrations of cadmium in the renal cortex and liver according to age, the present study indicates almost the same patterns as reported by Friberg et al. (7) and Tsuchiya, Seki, and Sugita (8), as well as by many other investigators. There are data on simultaneous determinations of zinc and cadmium (II) and lead and cadmium (12) , but simultaneous determinations of copper and cadmium in the renal cortex and liver are not well documented. It is especially interesting to note that copper (an essential element) showed a higher level in the liver than cadmium and lead among all age groups. It is also important to note that the copper concentrations throughout all age groups are much higher in the liver than in the renal cortex and that lead concentrations in both the liver and renal cortex were lowest of all metals.
The Cd/Cu and Cd/Zn ratios in the renal cortex and liver increased sharply until about 20 years of age. In the renal cortex, the ratios level off by the age of about 50, and then decrease slightly in the very elderly (after 70 years). However, the ratios in the liver do not seem to level off, but continue to increase slightly by age. The Cd/Cu ratio was about ten times higher in the renal cortex and liver than the Cd/Zn ratio. The Cd/Zn ratio observed in this study was much higher than those reported by Schroeder et al. (9) from the U. S. and by Piscator and Lind (10) from Sweden. Both reported ratios of 0.6-0.7 and 0.5-0.6, respectively, for ages 35-55, while the present study indicated 0.9-1.1 for the same age group. This difference seems to depend not only on the fact that concentrations of cadmium are generally higher among Japanese than among Americans or Swedes, but also on the fact that zinc is present at a higher level in the renal cortex of the Japanese.
It was also noted in this study that despite the fact that the same pattern of Cd/Cu and Cd/Zn ratios was noted in food and feces, both the ratios in the liver and renal cortex were greatly amplified, being about 10 times higher in the liver and 100 times higher in the renal cortex than in food and feces.
There were some correlations between all pairs of the metals in feces (221 samples) but no significant correlation in food, probably because there were only 20 samples. The correlation between zinc and cadmium in feces was rather low. However, there was a significant correlation (r = 0.37) between cadmium and zinc in the renal cortex, and a significant correlation (r = 0.33) between these same metals in the liver. It is very important to note that there was a significant correlation between copper and cadmium in the renal cortex. This may imply very close relationships between zinc and cadmium as well as copper and cadmium in the renal cortex, whereas no such relationship was noted between copper and cadmium in the liver.
The differences and interrelationships among metals in food, feces, and organs observed in this study show the need for further investigations, since it is difficult to explain the findings in this study from the viewpoint of the toxicokinetics of these four metals.
